Support by an expert biomedical librarian significantly improves both the outcomes and the process of online bibliographic searches performed by paediatric residents and interns in medical databases, using real life clinical scenarios.
Effectiveness of bibliographic searches performed by paediatric residents and interns assisted by librarians. A randomized controlled trial

Key messages
Implications for practice
Support by an expert biomedical librarian significantly improves both the outcomes and the process of online bibliographic searches performed by paediatric residents and interns in medical databases, using real life clinical scenarios.
For such health professionals, the intermediation of an information professional adds value in the process of retrieving evidence to be used as a basis for clinical practice.
Implications for policy
The study shows quantitative evidence of the fact that biomedical librarians play an important role in the process of acquisition and selection of information for clinical decision making in a paediatric teaching hospital.
Assisted bibliographic searches are an important, value-adding asset for clinical decision making in a paediatric teaching hospital.
Structured abstract
Background
Considerable barriers still prevent paediatricians from successfully using information retrieval technology.
Objectives
To verify if the assistance of biomedical librarians significantly improves the outcomes of searches performed by paediatricians in biomedical databases using real-life clinical scenarios.
Methods
In a controlled trial at a paediatric teaching hospital, 9 residents and interns were randomly allocated to an assisted search group, and 9 to a non-assisted (control) group. Each participant searched PubMed and other online sources, performing pre-determined tasks including the formulation of a clinical question , retrieval and selection of bibliographic records. In the assisted
Introduction
Paediatricians, as all doctors, need up to date, evidence-based and clinically relevant information to support their daily practice 1, 2 . For a long time, electronic sources such as online databases have been considered primary tools for retrieving appropriate evidence for clinical decision making 3 ; however, doctors still encounter considerable barriers related to these information sources. For example, they lack both adequate search skills and familiarity with the task due to low frequency of use, etc. [4] [5] [6] [7] . Furthermore, a recent review failed to demonstrate a positive impact of information retrieval technology on clinical decision 8 . Empirical research has suggested that clinicians need better skills to obtain more relevant evidence from searches 6, 9, 10 , particularly concerning the correct formulation of a clinical question and the techniques for retrieving bibliographic records from databases 1, 11 . Consequently, both support from librarians and information professionals and educational interventions aimed at improving clinicians' skills in this area have been widely discussed in the last few years. Reviews have recently been carried out on the contribution of library services in general 12 and of clinical librarian programs in particular 13, 14 , along with case reports 15 and descriptive or evaluative studies, often relying on opinion, subjective measures and self-reported outcomes by participants [16] [17] [18] . Although there are signs of some impact from services on time saved by clinicians and on patient outcomes, the evidence is inconclusive, due to study sizes and methodological limitations, such as the inherent difficulty in defining useful and reliable impact measures 19 . The same considerations seem to hold true for the impact of structured educational interventions. A systematic review and a critical appraisal found only very limited evidence that information skills training for health professionals was successful in improving such skills 20, 21 . As for more general evidence-based medicine (EBM) training, one review found that "standalone teaching improved knowledge but not skills, attitudes, or behaviour", while advocating more clinically integrated teaching methods 22 . One pre-post intervention study on paediatric residents 23 showed a significant impact of educational interventions on skills involved in formulating a clinical question and executing a bibliographic search; a qualitative study, although based on self-reported outcomes and featuring a small number of doctors, suggests a good level of perceived effectiveness of both mediated search and information skills training 24 . On the other hand, EBM skills acquired by paediatricians in short courses seem to be hardly sustainable over time, especially when practitioners experience common barriers such as lack of time, isolation and lack of institutional support. 25 . Finally, a recent Cochrane review on "interventions for increasing the frequency and quality of questions formulated by healthcare providers in practice and in the context of selfdirected learning" concluded that "sustainability of effects from educational interventions for question formulation are unknown" 26 . The aim of the present study is therefore to verify the following hypothesis: does the assistance of a skilled biomedical librarian significantly improve the outcomes of a search performed in biomedical databases, compared with the outcomes of a search conducted by a clinician alone?
Methods
Participants and setting
Data for the randomized controlled trial were collected between 25/10/2007 and 27/12/2007 at two general units of a large Italian paediatric teaching hospital. All paediatric residents and interns were considered eligible for the trial: as residents and interns are frequent healthcare providers in academic units, this criterion allowed to set the study results in everyday clinical practice, while assuring comparable background experience of participants. Besides, residents and interns are specifically trained on theoretical and practical EBM methods; since skills progressively decay after graduation if not regularly used 27 , this group results in a particularly challenging comparison for assisted searches. Of the 23 contacted subjects, 22 agreed to participate. 14 of them were graduated residents, while the remaining 8 were interns, 5 of which were in their final year and writing up their final dissertation. Prior to randomization, between 16/10/2007 and 24/10/2007, all participants underwent a specific refresher intervention on EBM methods (Table 1 ) in order to further ensure baseline homogeneity as regards both basic EBM knowledge and skills for retrieving and appraising evidence.
Power of the study, randomization, blinding
Sample size was calculated on the basis of finding a difference between groups of 22 points on a total of 100 available points, using the assessment tool described below. Due to the lack of previous studies on the subject, such a figure indicating relevance was obtained by expert opinion prior to the study. Four experienced medical librarians were asked to independently estimate the expected difference in points between assisted and non-assisted users; their evaluations were subsequently averaged. With = 0.05, = 0.20 and an estimated standard deviation within groups of 15 points, 9 subjects were needed in each group to detect a statistically significant difference of 22 points over 100; however, considering the possibility of drop-outs, 22 subjects were initially enrolled. Sample size calculation was performed using NCSS-PASS 2000 (Number Cruncher Statistical Systems, Kaysville, UT). Randomization was performed by the random-digit method, on the basis of computer-generated numbers. A two treatment randomization scheme with random block of varying size was obtained using the Ralloc Procedure in Stata Statistical Software 9 (StataCorp LP, College Station, TX). A computerized allocation list was generated by the statistician, and was concealed until the intervention took place; using the list, the statistician assigned participants to groups, without knowledge of their identity. Consequently, participants knew if they would attend an assisted or non-assisted search session only when the session began. Conversely, librarians assigned to the assisted sessions did not know the identity of the participant before attending the session. Besides, single clinical scenarios were disclosed both to participants and librarians assisting the searches only when the session took place. One librarian of the team, not involved in the assisted searches, contacted the enrolled and randomized participants, explaining the characteristics of the intervention and the general aim of the study, and settling the time and place for the search sessions. Because of the characteristics of the study, it was not possible to blind participants to treatment assignment; however, to reduce assessment bias, the assessment team was blinded to group assignment until all the data were evaluated and the definitive score for each participant was agreed upon.
Intervention and data collection
An experienced clinician developed 12 clinical scenarios of equivalent difficulty by grounding on common practice situations related to therapy or diagnosis, that entailed some difficulties in clinical reasoning and decision-making ( Table 2 ). The scenarios were randomly distributed to the 18 participants of assisted and non-assisted search groups at the beginning of each search session, and some were consequently common to both groups. Both assisted and non-assisted search sessions were held in the library and lasted from a minimum imposed time of 30 minutes to a maximum of 90. After being briefly introduced to the tasks by a librarian, each participant had to: a) complete a form with patient/problem-interventioncomparison/control-outcome (PICO) elements of the clinical question resulting from the analysis of the scenario 28 , related keywords and the search string that best matched the assigned scenario; b) perform the search in the PubMed database; c) select the most clinically relevant references among those retrieved; d) search for further evidence from other pertinent sources, e.g. guideline repositories, EBM databases, search engines. At the end of the session, he/she was required to save and print the most satisfying search strings together with the best references retrieved. Only in the assisted search group, participants were supported by a librarian with  5 years of biomedical search experience, blinded to the assignment of the scenario and the respective gold standard of best available evidences; 3 librarians were involved, and each one was assigned 3 search sessions. The librarian was required to give assistance during each stage of the search session, although without directly performing any of the tasks assigned to the participant. For example, librarians helped with the PICO formulation, suggested correct and/or alternative keywords and search strings and offered technical advice for the proper use of PubMed and other search tools. In case of discordant opinions, the final decision on how to complete a given task was up to the participant. Two medical librarians with  1 year of experience were selected and specifically trained before the intervention; each one of them was then assigned to observe 9 search sessions, recording in detail on a prestructured form the actions performed by participants and assisting librarians during the accomplishment of the tasks. After the sessions, observers and researchers discussed the data emerging from the field, clarifying specific controversial points.
Primary outcome, assessment tool and data analysis
The primary outcome was the global success of search sessions, as expressed by the total points obtained by participants when the results of their tasks were scored against a specifically developed assessment tool. This tool was conceived to evaluate the performance in terms not only of obtained results, but also of the global search process that lead to finding them, in order to reduce the weight of success due to mere serendipity. Consequently, 4 medical librarians with  5 years of experience adapted the first 4 items of one of the standard evaluation tools for EBM-related skills, the Fresno Test of competence in evidence based medicine 29 . Such questions concern both the clinical scenario conversion into PICO and the literature search performance; the adaptation involved partial adoption of some items and a different method for attributing points. To these first 4 items, 6 more were added to ensure a more granular measurement of the evidence retrieval and selection processes, grounded in the common experience of clinicians and librarians and the most frequent errors in search strategies reported by the literature 30 . The 10 items of the resulting assessment tool are shown in Table 2 together with their applicable values and relative weight, which were determined by the expert opinion of the 4 librarians. Item no. 8 (Percentage of relevant articles collected according to EBM criteria) was calculated as the percentage resulting from the comparison between the set of results produced by participants at the end of every observed session and a gold standard. The latter was made of the best available evidence, according to EBM criteria, collected through PubMed searches for each of the 12 clinical scenarios by 1 expert clinician and 2 librarians of the team not involved in the assisted search sessions 31 (Appendix A). The final decision about article inclusion in the gold standard was always made by the clinician, based on clinical experience. The result of each search session was scored by the 4 librarians working together. The team reviewed each search twice to ensure consistency of evaluation; differences of opinion between evaluators were resolved by discussion. In the results section, data from the main analyses are reported as median and interquartile range (IQR). Due to the sample size, normal distribution of data could not be assumed; therefore, differences between assisted and non-assisted groups were evaluated by the non-parametric MannWhitney U-test. All reported P-values are two-sided and differences were considered to be significant for P < 0.05. Data were analyzed by using SPSS 16 (SPSS Inc., Chicago, IL); the point estimate and 95% confidence interval (CI) for the difference in performance between groups was calculated by the statistician using Microsoft Excel 2003 (Microsoft, Redmond, WA).
Results
Of the 22 residents and interns that agreed to participate, 4 did not receive further intervention for the reasons reported in Figure 1 . Randomization was thus performed on 18 subjects, 9 of whom were allocated to the assisted search group, and 9 to the non-assisted (control) group. None of them withdrew from the study due to adverse events and therefore all were included in the final analysis. Table 3 shows that baseline demographic and clinical characteristics did not differ significantly in the 2 groups, as the two-sided P-value of the comparison conducted by the Mann-Whitney U Test was > 0.05 for all 3 main variables. Furthermore, median and IQR for age and clinical experience did not differ significantly between randomized subjects (R) and enrolled but non-randomized subjects (NR), according to MannWhitney U Test (age: R 28.6 (IQR 2.3) vs. NR 28 (IQR 6.6), P = 0.89 ; clinical experience: R 4.5 (IQR 3.1) vs. NR 3 (IQR 3.5) , P = 0.46); a comparison of post-training results was not possible, since the main reason for non randomizing the subjects was that they had not completed the EBM refresher intervention. Once the results for each group were evaluated using the assessment tool, the assisted group obtained a median score of 73.6 points (IQR 13.4), whereas the non-assisted (control) group obtained a median score of 50.4 (IQR 17.1). Therefore, the difference between the median values in the results obtained by the assisted vs. the non-assisted group was 23.2 points (95% CI 4.8 -33.2), in favour of the assisted group (Figure 2) . The difference between the median scores was statistically significant, according to the Mann-Whitney U Test (P = 0.013). No secondary outcomes were analyzed in the study. In addition, the following exploratory analysis was performed: as far as single items of the assessment tool were concerned, the only statistically significant difference between the outcomes of the assisted vs. non-assisted group was found in the scores for item 2 (Number of PICO terms translated into search terms): for the assisted group the median was 10 points (IQR 0), while for the non-assisted group the median resulted in 6.7 points (IQR 2.8); two tailed P value for Mann-Whitney U-test was < 0.001. For all other items, MannWhitney U-test P values were > 0.05 (Table 4) .
Discussion
Principal results
Few quantitative studies have been conducted to investigate the impact of librarians' assistance on the outcomes of bibliographic EBM searches in the medical sector. To our knowledge, our study is the only one comparing the quality of a search performed by health professionals with and without the assistance of librarians; other similar studies [32] [33] [34] have focused on search quality either of health librarians or of health professionals.
The present study has found evidence of a significant difference in search performance between paediatric residents and interns assisted by a librarian and paediatric residents and interns searching the literature by themselves. As far as single search sessions in biomedical bibliographic databases are concerned, the technical skills of biomedical librarians 6, 35 seem to provide significant added value to bibliographic searches for this category of health professionals confronted with everyday clinical scenarios. Besides, the exploratory analysis showed a statistically significant difference between the outcomes of the assisted vs. non-assisted group in the scores for item 2 of the assessment tool (Number of PICO terms translated into search terms). This could suggest that librarians are particularly useful in helping doctors to efficiently turn scenarios into clinical questions, although further research is needed on this issue. Even if a degree of subjectivity is inevitably involved in the interpretations of some outcome measures in the assessment tool, the present study is the first to our knowledge to draws conclusions based on observation and quantitative measures, without relying on self-reported outcome measures by either librarians or participants.
Limitations
Several considerations, however, may influence the generalizability of the results. Firstly, the duration of a session was not considered as a part of the outcome, while the literature consistently reports that shortage of time is one of the main barriers clinicians face when doing literature searches 5, 6, 31 , and one study also points out that searches performed by librarians can help save clinicians' time 34 . Therefore, the assistance by medical librarians seems particularly useful when paediatricians face complex scenarios, for which they feel it is worth spending 30 to 90 minutes searching the literature, before appraising the retrieved evidence; for quicker or -on the contraryfor far more complex scenarios, further research is needed to assess the added value provided by librarians. Furthermore, the possibility that the observed difference was the result of two individuals performing the search rather that from the involvement of a biomedical librarian could not be entirely excluded, and further research with more complex study designs might be useful to clarify the issue. Besides, the quantitative method of the study is adequate for a setting in which paediatricians perform single searches in a specific space and time. In real life, users often perform a search in different moments, and repeat the same search over time, either with or without assistance. It may then be useful to adopt a diachronic approach, and to study more in detail and with qualitative methods this complex search behaviour. Another key question concerns the cost-effectiveness of assisted searches: our approach was exclusively aimed at a first attempt of measuring efficacy of the assistance, and it would be worthwhile to conduct cost-effectiveness studies on assisted bibliographic searches, once the measurement methods are set. As for the assessment tool, the outcome was measured using a 10-point scale built partly using modified Fresno Test questions 29, 36, 37 , and partly more specific items related to characteristics of the PubMed database and in general to the skills needed to use bibliographic databases. Although the choice of items reflects the main dimensions of the literature search process (i.e.: clinical question formulation, search strings and keyword, content-and methodology-related limits and filters, selection and archival tools and use of a variety of sources), further pilot and validation of this tool also for different medical contexts and professions would considerably add to the validity of obtained measures, although both theoretical and empirical studies consistently suggest that there is no gold standard available to evaluate the success of literature searches, which are complex, interactive processes [38] [39] [40] . However, the tool allowed for a thorough assessment of all the main characteristics of a search: indeed, the number of relevant articles retrieved was only one of the items, since it was necessary to test and measure a whole set of skills related to an effective retrieval process. Besides, relevant articles could well have been retrieved partly by chance, in the limited number of example scenarios administered to participants.
Conclusions
As for real-life clinical scenarios, the assistance of a skilled biomedical librarian significantly improves the outcomes of a search performed in biomedical databases, compared with the outcomes of a search conducted by paediatric residents and interns alone. For these health professionals, the intermediation of an information professional adds value to the process of retrieving evidence to be used as a basis for clinical practice.
Further research and evaluation is needed in all the highlighted sectors. The present study could be a useful basis for further evaluating the role of medical librarians in supporting literature searches performed by paediatricians. * Two-tailed exact significance. ** The value for item 5 was constant for all cases in the assisted group, therefore it was omitted. *** The value for item 6 was constant for all cases in the assisted group, therefore it was omitted. **** The value for item 6 was constant for all cases in the non-assisted group, therefore it was omitted.
Excluded (n= 1)
Declined to participate (n= Lisa, a 5-year-old girl, comes to the paediatrician because her mother has noticed nits in her hair. She was treated twice for head lice 2 months ago (once with permethrin and once with malathion), and after each treatment she was found free from insects and eggs at inspection before coming back to school. Also the current episode has occurred a few days after returning to school, with the usual signs and symptoms (live insects, eggs and itching 12 Luke is a 6-year-old boy allergic to dust mites and cat dander. He has been suffering from allergic asthma for about 1 and a half years, with periodic exacerbations treated with beta-2 agonists and inhaled corticosteroids. Due to recent increase in asthma episodes, his mother asks the paediatrician if it is possible to administer a drug in order to prevent the attacks. The paediatrician prescribes montelukast (one 5-mg tablet in the evening for 2 months), trying to reassure her. 
